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Abstract  * Tala  report  miMfiarlzee  tho  progresc  to  date  of  -work  on  a 
contract  calling  for  a study  to  determine  tha  feasibility  of  replacing 
tha  vacuum  tube  amplifiers  of  tlio  AN/EAk^2  equipment  with  mp.gr  .at  1# 
aiaplifierso 

1,  PURPOSE:  The  purpose  of  this  work  is  to  determine  tho  feasiblity 

of  developing  magnetic  amplifier  equipment  to  replace  the  vacuum  tube 
amplifier#  and  circuits  now  used  in  the  A If /BAR. 2 equipment , The 
satisfactory  replacement  of  the  electronic  equipment  by  magnetic 
amplifiers  will  effect  great  Improvements  in  the  reliability  of  the 
equipment  and  a reduction  of  the  maintenance  effort  required.  The 
incorporation  of  improved  performance  characteristics  and  the  re- 
duction of  aize  and  weight  aro  additional  objectives, 

2,  Q3KSRAL  FACTUAL  EVTA 

2,1  PERSONNEL  EKOAOFD  OH  CONTRACT:  Tho  following  ip  a list  of  the 

technical  personnel  engaged  on  this  contract  together  with  the 
men  hours  performed  by  each  during  tho  period  covered  by  this 
report  o 


NAME 

MAN  HOURS 

B. 

J,  O'Neill 

32 

H. 

A,  Goldsmith 

32 

H. 

Her# 

31* 

L. 

We  is  swan 

276 

D0 

Rogers 

28 

3o  MEASUREMENT  PROCEDURES 

3^1  TEST  INSTRUMENTS?  The  following  teet  instruments  and  equipment 
were  used  in  evaluating  tho  results  included  in  this  report* 

(a)  Krohn-Hite  Oscillator,  Model  UlQ-A 

(b)  Eallantina  7,T,V,Mo,  Model  3C0 
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(c)  Brush  Recorder 

(d)  Oscillator-Lrivsr,  hOO  cps,, 

(e)  Noise  lister.  Lab,  Model  NM-  2 

(f)  Dunont  Oscilloscope,  Model  30li 

(g)  Regulated  Power  Supply,  25 0 Volts,  80  M^lliamperee,  D„C„ 

3<>2  TEST  SKT°UP:  The  tost  cat-up  used  for  core  noise  evaluation  made 

in  connection  with  this  report  is  shown  in  figure  1„ 

3->3  MEASUREMENTS:  Noiee  me&suromor.ts  varo  inc.de  vith  a lr.borE.tory 

constructed  noise  motor,  the  output  being  f3d  to  a tliermrcounle 
galvanometer  which  indicc  ted  true  RM3  noise  voltages , The  output 
wau  nonitored  with  an  orcilloscopo  or  a chock  against  neter 
amplifier  caturatioru  Ketor  calibration  vas  checked  periodicclly 
using  the  Xnohn-Hito  rifnal  generator  and  the  Ballantine  V^T.V.M. 
3.h  REFERENCES: 

(1)  Ferromagnetism  - Bozorth,  R.M„  - D„  Van  Noetrant  So..  (195l) 

(2)  Measurement  of  the  Noire  Figure  of  Low-Frequency  Amplifiers 
Saul  Shenfeld-USL  Report  No.  15U, 

(3)  Williams  * Noble  - Fundamental  Limitations  of  the  Second 
Harmonic  Type  Mag,  Modulator  - Proceedings  Inst,  of  Electr0 
Engineering,  Vol.  97 

Uo  DETAIL  FACTUAL  DATA 
U»1  DESCRIPTION  OF  PRESENT  BAR-2  EQUIPMENT 


U.lol  GENERAL:  The  Infrared  Detector  Set  AN/BAR~2  is  a passive 

bearing  finder  system  designed  for  installation  on  submarines 
to  detect  and  obtain  bearings  of  targets  during  periods  of 
low  visibility e 
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An  optical  system  mounted  on  top  of  the  periscope  collects 
infrared  radiation  from  a target  and  focuses  It  upon  a eensitlve 
bolometer  element,,  The  signal  thus  generated  is  arplified  and 
presented  as  a visual  indication  of  target  bearing,. 

Provision  is  made  for  continuous  360°  seaming  or  scanning 
of  a limited  sector  only, 

ii,l„2  SIQNAL  AMPLIFISR;  The  characteristics  of  the  optical  system 
are  such  that  at  the  reaming  speed  upod  the  maximum  signal 
energy  occurs  at  a frequency  of  a ^proxisnately  3D  cycles  per 
second  „ This  signal  is  fad  jLito  on  amplifier  which  raise 3 the 
output  signal  to  the  level  necessary  for  utilization  oy  the 
data  presentation  equipment,  The  amplifier  is  designed  to 
operate  irith  input  signal b from  the  $ ohm  bolometer  as  low  as 
*atta 0 A .maximum  power  gain  of  approximately  101®  is 
required,.  The  amplifier  must  have  an  Inherent  noise  level  not 
exceeding  twice  that  causod  by  the  thermal  noise  of  the  input 
circuit  resistance,, 

1*.2  IftQHETIC  AMPLIFIER  STSTEH 
1*02.1  SIQNAL  AMPLIFIER 

i*02ol„l  SKKSITIVITT  AND  NOISE  CONSIDERATIONS:  The  minimum  input 


power  level  at  which  an  amplifier  may  operate  is  limited 
by  the  noise  level.  Noise  sources  limltating  the  low 
level  operation  of  a magnetic  amplifier  are: 

(a)  Thermal  Agitation:  Noise  of  the  input  circuit  which  can 

be  expected  to  contribute  a noise  powe  of  approximately 
i*  x 10  " ' watts  per  cycle  of  band  width  at  room  temps ratur » 


o 
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(b)  BnrMhmiggn  Hojgq:  Originating  in  the  core  material,, 

(e)  Kagnatrostrlction  of  the  Core  Material:  The  effect 
of  this  phenomenon  upon  the  noise  level  Is  not  evident  „ 

(d)  Rectifiers:  Various  studies  have  indicated  that  crystal 

rectifiers  are  capable  of  providing  a potent  noise  source 
at  signal  levelo  below  10“^  watt to 

(e)  External  Fields 

(f)  Noise  injected  by  signal  source  and/or  measuring  device. 

(g)  Holes  injected  by  carrier  source 

(h)  Hlcrophonlc  Noise  due  to  mechanical  vibration 

It,  2,1.2  SUMMIT  OF  PREVIOUS  INVESTIGATIONS:  Studies  made  during 

previous  periods  indicated  that  the  predominant  noise  source 
limiting  the  magnetic  signal  amplifier  sensitivity  was  the 
core  material  itself.  Some  noise  measurements  were  taken 
and  calculations  showed  that  the  noic  power  in  the  control 
rinding  was  about  8 x 10“ watte,,  This  figure  chocked 
with  sensitivity  measurements  made  previously. 

Uo2,1.3  MDISE  INVESTIGATIONS  DURING  THE  REPORT  PERIOD*  A core 

noise  evaluation  program  van  set  up  as  outlined  in  a previous 
report.  The  core  materials  subjected  to  analysis  were  as 
follows: 

Orthonol,  1 mil  s^rip 

Orthonol,  2 mil  strip 
Orthonol,  It  mil  strip 

Hymu  80,  3 mil  strip 

kl$0,  2 mil  strip 

i 
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An  tost  cores  vora  o.V'  vo\  rv • toroidal  const:  uctaou,  Tho 
suja.'TUi'er.usnt  arid  tost  net^up  In  shcvn  in  f igiiTo  1.  Pat  a 
talon  war  cor-xctod  f jr  actual  core  output  by  the  factor 
of  Known  gain  of  oho  nciso  Motor-,  Jhie  gross  output  noire 
wa*  then  reduced  to  u corrrson  basis  of  PUS  noise  voltage 
par  turn  per  cycle  of  band  width  so  as  to  provide  a noise 
figure  which  allowed  comparison  an son''  tho  various  -nnh trial -w, 
This  data  is  tabulated  in  Table  I ard  nho1  u graphically  in 
figuro  2,  From  thin  cats  it  1o  evident  that  diif,  rcait  corn 
materials  prodcc » ncicc  lcvolc  ubich  vary  rather  t-idoly. 

In  ud’iticn,  tho  strip  tfctckruea  is  a factor  in  tin  roles- 
lavsl  of  a given  ccvo  ^oo retry. 

In  !-r<  vJoi-e  pe.-riods  an  Imret  Vision  of  t!  a 
feasibility  of  {-pplyjj-.^  sr.gnctic  evpltfi  ers  to  two  typic (C.  r.ervo 
e/cters  o;.  the  f'S/BAR-2  emip.aent  v:ae  curried  out..  T:cc  iufoIIf 
of  there  studioo,  indicating  the  applicability  of  magnetic 

a-7.plif3.srs  to  thooo  rynio.v.tt  were  en-naarinso  :‘jh  proviouo  reports,. 

5»0  CO?SLUiICNS 

5.1  glfiffit  AMPUFIIR:  Tho  consitivity  of  tho  signal  amplifier  is  lifted 

by  two  Main  factors: 

(1)  Hectlfitr  foies 
(?)  Cere  Joiso 

Tho  flrnt  factor  as  our.  a:  n rigr:  fierjit  jwgnituda  at  input  lcvolj  of 
lose  than  10  ^ watte*  The  go  coni  factor  is  influc  iced  by  tho  choice 
of  core  f/storiclc,  and  geometry  and  appears  to  liiuit  Vv.  car  si.tivity 
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to  about  10“--^  watte  at  a carrier  frequency  of  U00  ops*  Detailed 
data  on  core  noieo  will  bo  presented  in  the  final  report  on  this 
etud/o 

5.2  SERVO  STSTEMS:  The  applicability  of  magnetic  amplifiers  to  t vo 
typical  servo  systems  of  the  AN/BAR-2  equipnent  was  studied  during 
previous  periods*  Theca  studies  have  been  do  scribed  in  reports 
covering  those  intarvals, 

6,0  PROGRAM  FOR  NEXT  INT3K7ALI  Tho  investigations  being  carried  out  under 
this  contract  will  be  concluded  and  a final  report  giving  a completo 
summary  of  the  work  performed  will  be  issued  durlsg  t!ie  neert  interval 
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TABLE  I,  POKE  TOISE  DATA 


Foccitation  8HS  Noise  Microvolts  per  Cycle  of  Band  Width  per  Turn 
Drive 


(«) 

U750 

Hjtsu  60 

Orthonol 
2 Mjl 

Orthonol 

1 mi 

Orthonol 
h Mil 

5 

,00029 

.0100 

.0292 

.00318 

.00528 

10 

.00292 

.00205 

.318 

,0528 

.0292 

IS 

,0105 

.00362 

,13U 

.0528 

.0372 

20 

c 0073-5 

.00380 

.,050 

,0318 

.0178 

25 

.0110 

.0031 

.068 

.0318 

.00925 

30 

01S0 

-0033 

,062 

.025*2 

,00-36 
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